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Abstract: Hepatocellular carcinoma (HCC) is the third most common cause of cancer 
mortality worldwide. Although most HCCs seem to originate from the accumulation of 
genetic abnormalities induced by various risk factors, underlying mechanisms of 
hepatocarcinogenesis remain unclear. Long-term survival of HCC patients is also poor, 
partly due to HCC recurrence. Although serum alpha-fetoprotein (AFP) level is a useful 
marker for the detection and monitoring of HCC, AFP levels may remain normal in the 
patients even with advanced HCC. To identify useful biomarkers for HCC, many studies 
have been conducted on molecular events such as genetic and epigenetic alterations, and 
gene expression. This review summarizes recent studies of potential molecular markers for 
diagnosis and monitoring metastasis or recurrence of HCC. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is the third most common cause of cancer mortality worldwide, 
and liver cirrhosis is the most important predisposing factor for it [1]. Hepatitis B and C viral infection 
is the most common underlying cause of chronic liver disease leading to liver cirrhosis, and aflatoxin 
Bl and alcohol are also well-known risk factors. Although most HCCs seem to be originated from the 
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accumulation of genetic abnormalities induced by various risk factors, underlying mechanisms of 
hepatocarcinogenesis remain unclear. 

Long-term survival of HCC patients is poor, partly due to HCC recurrence, which up to 80% of the 
patients experience even after curative resection [2]. Although serum alpha- fetoprotein (AFP) level is 
a useful marker for the detection and monitoring of HCC, AFP levels may remain normal in up to 30% 
of the patients with advanced HCC [3]. Various HCC markers have been suggested, but the overall 
performance has been unsatisfactory in terms of sensitivity and specificity. To improve HCC prognosis, 
it is imperative to find useful markers for early diagnosis and monitoring of recurrence of HCC. 

To identify candidate biomarkers for HCC, many studies have been conducted on molecular events 
such as genetic and epigenetic alterations, and gene expression. High-throughput omics-based 
technologies have also enabled the genome -wide interrogation of these changes. This review 
summarizes recent studies of potential molecular markers for diagnosis and monitoring metastasis or 
recurrence of HCC. 

2. Candidate Markers for Diagnosis 

2.1. Serum DN A 

It is known that some tumors release cells and cell lysis material including DNA into the blood, 
which could be used as potential biomarkers for detection of cancers. Zhang et al. reported that 
methylated alleles of pl6, pl5, and RASSF1A were found in serum DNA of 44%, 24%, and 70% of 
HCC patients, but detected in 4%, 0%, and 6% of control serum DNA samples, respectively [4]. These 
methylated alleles could be detected one to nine years before the clinical diagnosis of cancer. The 
average time to clinical diagnosis of cancer since methylated alleles were detected in serum was 4.3 
years for pl6, 3.4 years for pl5, and 4.4 years for RASSF1A. Since a series of genetic and epigenetic 
events occur during the long period, these genes seem to be potential epigenetic biomarkers for early 
detection of HCC or precancerous lesions non-invasively [4]. However, they did not examine the 
relationship between these genes and various etiologic factors. Wong et al. reported a correlation 
between pi 6 hypermethylation in HCC tissues and serum DNA and that pi 6 hypermethylation was not 
detected in the serum of patients with other chronic liver diseases such as liver cirrhosis or hepatitis [5]. 
However, 17% of cirrhotic patients had been reported to have serum DNA with aberrant pi 6 
methylation in another study, which may reflect the lack of standardized processing of blood samples 
and analytic methods of serum DNA [6]. No studies on the relationship between methylation status of 
pl5 and RASSF1A in serum DNA and cirrhosis have been reported. 

2.2. RNA Expression 

RNA expression profiles are one of the most successful markers that can be used to classify many 
solid tumors including HCC, based on molecular characteristics. Kim et al. examined the mRNA 
expression of tissue samples derived from cirrhotic patients of various etiologies using cDNA 
microarray and reported a molecular signature containing 273 significantly altered genes in HCC [7]. 
The misregulated genes were clustered into several functional pathways, including metal transport, 
blood coagulation, and immune response, which can be involved in hepatocarcinogenesis. Among 
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them, 12 genes encode secretory proteins detectable in sera, which may be used as markers for early 
diagnosis of HCC and as targets for chemoprevention. Misregulation of the genes in this signature is 
common in patients with HBV and HCV infection, hemochromatosis, and Wilson's disease, but not 
very common in patients of other etiologies. This is consistent with the clinical findings that patients 
with cirrhosis caused by HBV infection, HCV infection, and hemochromatosis have a higher risk of 
developing HCC compared with those with cirrhosis caused by other factors [8]. 

Jia et al. identified five genes (GPC3, PEG10, MDK, SERPINI1, and QP-Q, which were 
overexpressed in most of the HCC samples, including those with normal serum AFP and early stage 
tumors [9]. They showed that a combined use of these five genes could classify noncancerous hepatic 
tissues (100%) and HCC (71%). To use expression profiles as biomarkers, invasive techniques are 
required to get the tissues, but markers, which encode extracellular proteins or secretory proteins, can 
be used to develop non-invasive markers. Among the five genes, GPC3, MDK, and SERPINI1 encode 
extracellular proteins, which can be detected in serum. They tested serum MDK and found that it can 
distinguish normal and cirrhotic individuals from HCC patients, including those with normal AFP and 
small tumors, which could be used as a diagnostic marker. Most of HCC cases from this study were 
positive for hepatitis B. 

Budhu et al. reported that livers from metastatic HCC patients have a different gene expression 
pattern compared with the livers from patients without metastatic HCC, and suggested a 17 gene 
predictor of HCC venous metastasis [10]. Liver tissues bearing metastatic HCC showed a decrease of 
pro-inflammatory Thl-like cytokines and an increase of anti-inflammatory Th2-like cytokines. It 
suggests that the predominant humoral cytokine response in the liver inducing anti- 
inflammatory/immune-suppressive responses may play a role in promoting HCC venous metastases. 
The identified predictor is only applicable for operable HCC patients and patients positive for HBV 
due to the characteristics of the cohort. 

2.3. Serum Protein 

2.3.1. AFP and AFP-mRNA 

Although total AFP has been a useful marker for diagnosis and monitoring of HCC, it is often 
difficult to distinguish tumors from benign liver diseases based on the elevated AFP level. Recently, a 
hepatoma-specific AFP (HS-AFP) subfraction was reported to be superior to total AFP level in both 
sensitivity and specificity in differentiating benign liver diseases from malignant ones [11,12]. Total 
AFP can be divided into three glycoforms, AFP-L1, AFP-L2, and AFP-L3. Among them, AFP-L3 is a 
HS-AFP found in the sera of HCC patients. There was a relationship between AFP-L3 percentage with 
HCC differentiation, metastasis and relapse, suggesting that the percentage of HS-AFP may be a more 
specific marker than total AFP for early diagnosis of HCC and its recurrence [13,14]. 

AFP-mRNA from peripheral blood mononuclear cells by RT-PCR has also been studied in recent 
years [15]. Although AFP-mRNA is frequently detected in the blood of patients with benign liver 
diseases or of HCC patients without extrahepatic metastases, it seemed to identify more aggressive 
tumors in terms of clinical behaviors. If hepatocyte-specific mRNAs are detected in circulating blood, 
it could reflect the presence of circulating, presumably malignant liver cells and suggest the likelihood 
of hematogenous metastasis. 
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2.3.2. Hepatoma-specific Gamma-glutamyl Transferase (GGT) Isoenzyme 

GGT is an enzyme that catalyzes the degradation of glutathione and other gamma-glutamyl 
compounds. It is highest in embryonic livers and decreases to the lowest levels right after birth, but 
total GGT activities in patients with liver disease and extrahepatic tumors are high [16]. GGT is 
divided into several subfractions, among which the hepatoma-specific GGT bands (including I', II, and 
II', HS-GGT) in sera of HCC patients have been used for diagnosis of HCC. HS-GGT can only be 
found in sera of HCC patients, and its analysis may improve the specificity and sensitivity of HCC 
diagnosis [17]. Yao et al. showed that the circulating HS-GGT activity was elevated in 86% of the 
HCC patients, but in less than 3% of patients with other diseases, and that there is an increasing 
tendency of total RNA concentrations also observed from liver cancer to distal noncancerous 
tissues [16]. The serum HS-GGT level can be a sensitive tumor marker for diagnosis or differentiation 
ofHCC. 

2.3.3. Transforming Growth Factor (TGF)-pi 

TGF-J31 is one of TGF-[3 isoforms, which arrests the cell cycle in the Gl phase and elicits inhibition 
of cell proliferation and triggering apoptosis [18]. Although it is a growth inhibitor, the overexpression 
of hepatic TGF-[31 was found in HCC tissues and shown to be correlated with carcinogenesis, 
progression and prognosis of HCC [19,20]. TGF-J31 expression is also associated with the degree of 
HCC differentiation and status of HBV replication, but neither to the size nor to number of tumors [21]. 
However, the sensitivity and specificity of circulating TGF-J31 level as a non-invasive marker have 
been rarely studied in HCC. 

2.3.4. Insulin-like Growth Factor (IGF)-II and Related Factors 

IGF-II is a mitogenic polypeptide related to insulin and thought to serve as a growth factor in 
various cancers through coexpressing IGF-II and IGF -I receptors, which is a kind of fetal growth factor 
and highly expressed during hepatocarcinogenesis [22]. It has been suggested that IGF-II may play a 
role in the neovascularization of HCC by increasing vascular endothelial growth factor (VEGF) [23,24]. 
The circulating free IGF-II levels were significantly higher in HCC patients than in those with chronic 
hepatitis or liver cirrhosis. The circulating IGF-II mRNA was positive in 34% of HCC patients, but 
negative in other liver diseases, extrahepatic tumors, and normal controls. The circulating IGF-II 
mRNA correlated with the stage of HCC, and was detected in 100% of HCC with extrahepatic 
metastasis. No significant relationship was found between tumor sizes and circulating IGF-II mRNA. 
The expression of free IGF-II and IGF-II mRNA may be useful markers for diagnosis of HCC and its 
extrahepatic metastasis, and monitoring recurrence [12]. 

2.3.5. Hepatocyte Growth Factor (HGF) 

The HGF is the most potent growth factor for hepatocytes and has been reported to be elevated in a 
number of liver diseases, including acute and chronic hepatitis, liver cirrhosis, HCC, primary biliary 
cirrhosis, and fulminant hepatic failure [25]. Stellate cells and myofibroblasts are induced to secrete 
HGF by tumor cell products and HGF stimulates tumor cell invasiveness in turn [26]. Vejchapipat et al. 



Cancers 2010, 2 



813 



reported that patients with inoperable HCC had higher levels of serum HGF than healthy controls, and 
serum HGF was negatively correlated with survival [27]. They suggested that the elevated HGF levels 
in HCC patients may reflect the impaired clearance of HGF due to significant liver damage or may be 
caused by increased HGF production to regenerate hepatocytes [27]. Similarly, Yamagamim et al. 
found that the serum HGF was significantly higher in patients with HCC than in patients with chronic 
hepatitis or cirrhosis [28]. In addition, patients with relatively higher HGF concentrations had an 
ectopic recurrence or a diffuse infiltration of HCC. They followed up the patients after measuring the 
initial HGF levels and found that the cumulative incidence of HCC in patients with higher initial HGF 
concentrations are higher than those with lower HGF. They suggested that the elevated serum HGF is 
probably produced by infiltrating mesenchymal and cancer cells based on their observations; in one 
patient whose HGF level was below the detection limit at the initial examination, the concentrations 
increased over the time and exceeded 0.4 ng/mL just before HCC was detected; HGF concentrations 
were higher in patients with diffuse carcinomas or with multiple cancers than in patients with a single 
cancer [28]. It may be useful to evaluate the HGF level for the detection and follow-up of HCC. 

2.3.6. Heat Shock Proteins (HSPs) 

HSPs are induced in cells under various stress conditions, including carcinogenesis. Enhancement 
of intracellular HSP is related to the formation and development of HCC and reported as a vital marker 
indicating the progression and aggravation of HCC [29]. The HSP gp96 expression was reported to 
increase as the HBV-induced disease progressed from chronic hepatitis to cirrhosis then HCC, and to 
be correlated with the degree of tumor differentiation and tumor size, but not with the number of 
tumors [30]. Sakamoto et al. reported the significant overexpression of HSP70 in early HCC compared 
with precancerous lesions, and in advanced HCC compared with early HCC. HSP70 has been shown 
to be negative in other benign nodular lesions, hepatocellular adenoma and focal nodular hyperplasia. 
Hence, HSP70 might work as a molecular marker to differentiate between benign and malignant liver 
nodules [31]. 

2.3.7. Complement C3a 

Complement C3a, which is produced from C3 by C3 convertase, has been reported as a potent 
inflammatory mediator of innate immune response, and to contribute to the early priming stages of 
hepatocyte regeneration after toxic injury and partial hepatectomy [32]. Lee et al. found that 
complement C3a was elevated in the sera of patients with chronic hepatitis C and HCV-related HCC, 
but not in those with HBV-related HCC. It supports that the molecular hepatocarcinogenesis might be 
different between HBV-related and HCV-related HCC, and therefore the effect on the expression 
levels of C3a might also be different [33]. 

2.3.8. Glypican-3 (GPC3) 

GPC3 was suggested as a possible tumor marker for HCC, since the levels of GPC3 were 
significantly high in the serum of HCC patients, but undetectable in healthy donors and patients with 
benign liver diseases [34,35]. Capurro et al. showed that GPC3 stimulates the growth of HCC cells by 
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stimulating the Wnt pathway through facilitating the interaction between the Wnts and their signaling 
receptors [36]. GPC3 was found to be expressed in small tumors, indicating its potential as a 
diagnostic marker for early stage HCC. The study also showed that the combined use of GPC3 and 
AFP would significantly increase the sensitivity of the test without compromising specificity. 

2.3.9. Squamous Cell Carcinoma Antigen (SCCA) 

SCCA is a member of the family of serine protease inhibitors named serpins and has been reported 
to be overexpressed in HCC tissues [37]. Giannelli et al. compared HCC and liver cirrhosis and 
reported that the combination of serum AFP and serum SCCA yielded a correct serologic diagnosis in 
90.8% of the HCC patients [37]. Guido et al. reported that SCCA was poorly expressed in regenerative 
tissue, but strongly expressed in dysplastic nodules, suggesting a role as a potential marker for early 
detection of HCC [38]. It has been reported that SCCA can react with the IgM class of 
immunoglobulins to form the immunocomplexes SCCAIC, which is detectable in the serum of HCC 
patients. They suggested that SCCA-IgM ICs alone or in combination with AFP, can increase the 
sensitivity for diagnosing HCC significantly [39]. Tretoli et al. reported that serum SCCA levels in 
cirrhotic patients were significantly lower than in HCC patients, but that there was no significant 
correlation between tissue and serum levels of SCCA [40]. 

2.4. Immunohistochemistry (IHC) Markers 

IHC plays an important role in the diagnosis of HCC. A number of IHC markers are established 
including several cytokeratins such as HepPar 1 and pCEA. However, none of these markers are 
specific enough for the diagnosis of HCC and some of them appear or disappear during tumorigenesis, 
which make a diagnosis difficult. Therefore, the combination of IHC markers is also used for a 
precise diagnosis. 

2.4.1. Hepatocyte Paraffin 1 (HepPar 1) 

HepPar 1 has been acknowledged as the most sensitive and specific IHC marker for HCC and 
reflects hepatocyte differentiation [41,42]. Because it is positive in normal liver and adenomas, it is not 
useful for distinction of benign versus malignant liver lesions. HepPar 1 is more likely to be negative 
in poorly differentiated and sclerosing HCC (sensitivity 50% or less). Although most adenocarcinomas 
are negative for HepPar 1, gastric, esophageal, and lung adenocarcinomas can occasionally show 
strong positive reactions. Given the relatively higher frequency of metastatic cancer to the liver from 
these sites, the predictive value of positive HepPar 1 is not high. Rare carcinomas with hepatoid 
morphology occur in the gastrointestinal tract and pancreas and are positive for HepPar 1 [42]. 

2.4.2. Polyclonal Carcinoembryonic Antigen (pCEA) 

Overall efficiency of pCEA IHC for HCC in study was approximately 90% [42]. Diffuse 
cytoplasmic expression of pCEA is observed in various adenocarcinomas. HCC shows a canalicular 
pattern in 60% to 90% of cases [42,43], which is characteristic of HCC but not observed in other 
adenocarcinomas. Sensitivity is high for well- and moderately differentiated HCCs (-80%), but low in 
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poorly differentiated one (25%-50%). In several studies, the frequency of biliary canalicular stain 
decreased with grade; 58%— 100% well-differentiated, 25%-80% moderately differentiated, 
and 0%-73% poorly differentiated HCC expressing the antigen [42]. 

2.4.3. Glypican 3 (GPC-3) 

GPC-3 is an oncofetal protein, as it is normally expressed in fetal liver and placenta but not in 
normal adult liver. GPC-3 is reported to be expressed in 64% to 90%> of HCCs, but not in benign 
masses, which helps to distinguish benign versus malignant lesions [41,44]. GPC-3 is also positive in 
melanoma and nonseminomatous germ cell tumors such as choriocarcinoma. Its sensitivity is known to 
be high (-80%), but it needs further validation [41]. 

2.4.4. MOC-31 

Most HCCs are negative or weakly positive for MOC-31, but it is consistently (80%-100%) 
expressed in cholangiocarcinoma and metastatic adenocarcinoma from colorectum, pancreas, stomach, 
lung, breast, and ovary [45,46]. MOC-31 is also expressed in a majority of neuroendocrine tumors, 
urothelial carcinomas, and renal cell carcinomas [41]. Therefore, it can help distinguish HCC from 
other tumors. 

2.4.5. a-Fetoprotein (AFP) 

AFP is an oncofetal glycoprotein. Serum levels increase in patients with HCC, yolk sac tumors, 
hepatitis, and cirrhosis. HCC is immunoreactive for AFP in 17%— 68% of paraffin embedded sections 
and in 45%-50% of cell blocks. Almost all hepatoid adenocarcinomas, both primary and metastatic 
adenocarcinomas, are reported as AFP positive [42]. 

3. Candidate Markers for Prognosis 

Although the etiological factors and the natural history are well defined, HCC are quite 
heterogeneous and clinical behaviors are hard to predict. Therefore, it is necessary to establish robust 
methods capable of evaluating the prognosis of HCC patients. 

3.1. Chromosomal Alterations 

Chromosome aberrations are frequently detected in HCC and molecular cytogenetic approaches 
such as comparative genomic hybridization (CGH) have provided information on copy number 
alterations (CNAs) in HCC. Patterns of CNAs provide useful information that can be used in 
heterogeneic HCC to identify genetic events involved in hepatocarcinogenesis and associated with 
clinical characteristics including prognosis. Among CNAs in HCC, gains of lq, 8q, and 20q, and 
losses of 4q, 8p, 13q, 16q, and 17p have been frequently reported, but not necessarily with clinical or 
prognostic implications [47]. Kim et al. defined recurrently altered chromosomal regions in HCCs 
using whole-genome array-CGH [48]. They found that the extent of chromosomal alterations 
correlated with tumor grade, size and microvascular invasion. Among the genes in the recurrently 
gained regions on lq, expression of KIF14 and TPM3 was significantly increased, suggesting their 
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oncogenic potential in HCC. Recurrent loss in 9p24.2-p21.1 and gain in 8ql 1.21-q24.3 were 
associated with high tumor grade and microvascular invasion, respectively. Gene enrichment analysis 
showed that functions such as cytokine receptor binding and defense response to virus pathways are 
significantly enriched in high grade-related RARs [48]. Saelee et al. observed DNA alterations on 
chromosomes 5q34, 6p25.2, and 8ql2.1 in Thai HCC patients and found that allelic loss on 
chromosome 5q34 correlated with poor survival in HCC, indicating the potential of this chromosomal 
region as a prognostic marker [49]. Poon et al. examined 158 HBV-associated HCCs by CGH analysis 
and classified them into three subgroups using self-organizing tree algorithm [50]. Gains in lq21— 23 
and 8q22-24 were identified as genomic events associated with the early development of HCC, and 
the gain in 3q22-24 was associated with tumor recurrence and poor survival. Although the 
chromosome aberration data reported in HCC have been relatively rarer than expression or 
methylation profiles so far, CNA profiles, together with expression, epigenomic and clinical data, will 
be useful resources as a prognostic marker. 

3.2. DNA Methylation Profiles 

Aberrant DNA methylation is frequently observed in human cancers; global DNA hypomethylation 
is associated with activation of protooncogenes and genomic instability; hypermethylation on CpG 
islands in the promoter regions of tumor suppressor genes results in transcriptional silencing and 
genomic instability [51-54]. It has been shown that multiple tumor-related genes, such as the 
E-Cadherin and Hypermethylated-in-Cancer (HIC)-18 genes, are silenced by DNA hypermethylation 
in HCC [55-57]. Since DNA methylation status is altered in a coordinated manner, it is important to 
have a global picture of methylation changes to interpret the results correctly. However, only a few 
previous studies have examined genome- wide DNA methylation status in HCC. 

Calvisi et al. analyzed the global levels of DNA methylation and the methylation status of 
105 putative tumor suppressor genes and found that the extent of genome- wide hypomethylation and 
CpG hypermethylation correlates with clinical phenotypes and prognosis of HCC [58]. However, there 
was no significant association between methylation patterns and any etiologic agents in their study. 
They identified activation of Ras and downstream Ras effectors (ERK, AKT, and RAL) by epigenetic 
silencing of inhibitors of the Ras pathway in all HCC. Selective inactivation of SPRY1 and -2, DAB2, 
and SOCS4 and -5 genes and inhibitors of angiogenesis (BNIP3, BNIP3L, IGFBP3, and EGLN2) was 
found to be associated with poor prognosis. Gao et al. used methylated CpG island amplification 
microarrays to investigate DNA methylation in cancerous and precancerous tissues from HCC [59]. 
They found aberrant DNA methylation of several important genes, such as DUSP2 and BMP6, which 
are known to be associated with tumorigenesis. Early detection of aberrant DNA methylation in these 
genes in precancerous tissues might be useful in risk and prognosis assessment of HCC. Arai et al. 
reported that the extent of DNA methylation alterations and the degree of DNA methylation alterations 
increased during hepatocarcinogenesis from precancerous stage to HCC [60]. DNA methylation status 
was significantly different between HBV- and HCV-positive patients with HCCs in both noncancerous 
liver tissue and cancerous tissue, suggesting that the HBV-related carcinogenetic pathway may result 
in distinct DNA methylation profiles. They suggested the types of DNA methylation profiles that were 
able to discriminate a poor-outcome group from a favorable-outcome group. Therefore, risk estimation 
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and prognostication of HCC based on DNA methylation profiles using liver biopsy specimens may be 
useful for close follow-up of patients who are at higher risk of HCC development. 

3.3. Gene Expression Profiles 

The profiling of gene expression patterns have provided new insights into the molecular 
pathogenesis of various human malignancies, including HCC. However, gene expression profiling is 
even more important to elucidate the mechanisms behind prognostic diversity and resistance against 
therapeutic agents. Although there have been many genome-wide gene expression studies, we focused 
on a couple of them which reported prognostic implications with their data. Ye et al. suggested a 
molecular signature that can classify metastatic HCC and identified genes relevant to metastasis and 
survival [61]. Among the identified genes, Osteopontin, which was overexpressed in metastatic HCC, 
was identified as a lead gene in the signature. They showed that an Osteopontin-specific antibody 
effectively blocked HCC cell invasion in vitro and inhibited pulmonary metastasis of HCC cells in 
nude mice. Therefore, Osteopontin can act as both a diagnostic marker and a potential therapeutic 
target for metastatic HCC. Several genes belonging to cell adhesion and matrix degradation were also 
identified to be associated with HCC metastasis, including genes encoding SPP1, a9-integrin, 
interleukin-2 receptor, serine proteinase inhibitor member-5, matrix metalloproteinase-9, leukocyte 
immunoglobulin-like receptor subfamily A member-2 and CD37 antigen. The potential of SPP1 as a 
diagnostic marker was also emphasized because it can be found to be elevated in body fluids in cancer 
patients and as a target for therapy of HCC patients with metastatic potential. 

Lee et al. reported that human HCC can be subdivided into two subclasses that are associated with 
survival based on gene expression data [62]. It is possible that the two subclasses of HCC might 
represent different cellular origins, but it can be caused by considerable molecular heterogeneity 
within each HCC subclass. After this, Lee et al. reported that individuals with HCC who shared a gene 
expression pattern with fetal hepatoblasts had a poor prognosis by studying gene expression patterns 
from human HCC, mouse HCC and rat fetal hepatoblasts and adult hepatocytes [63]. It was 
hypothesized that HCC of this subtype may arise from hepatic progenitor cells. Analyses of gene 
networks showed that activation of AP-1 transcription factors might have key roles in development of 
this subtype. 

Iikazu et al. used mRNA expression profiles of tissue specimens from patients with HCC using 
oligonucleotide microarrays representing about 6000 genes and developed a scoring system for 
predicting early intrahepatic recurrence [64]. They identified 12 genes for the system, which could 
classify all early-stage and late-stage HCC. By combining their system with the TNM staging, they could 
predict early intrahepatic recurrence or non-recurrence. Among the 12 genes, TNFAIP3 was considerably 
down-regulated in HCC with venous invasion. HLADRA and TRIM22 were also down-regulated in 
HCC with early intrahepatic recurrence. Since these genes are immune-related, immunotherapy can be 
considered to reduce recurrence and invasion of HCC and their scoring system, based on the 12 genes, 
could be useful when such immunotherapy is being considered for patients with HCC. 

Yamashita et al. reported that a hepatic stem cell marker, epithelial cell adhesion molecule 
(EpCAM) expression was significantly elevated in premalignant hepatic tissues and in a subset of 
HCC and suggested its possibility as an early biomarker of HCC [65]. EpCAM-positive HCC showed 
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a molecular signature having features of hepatic progenitor cells, whereas EpCAM-negative HCC 
displayed the molecular features of mature hepatocytes. EpCAM-positive and EpCAM-negative HCC 
could be further subclassified into four groups with prognostic implications by combining the level of 
AFP. They found a close correlation between Wnt-h-catenin signaling and EpCAM-positive HCC. 
Wnt-h-catenin signaling is known to be activated during liver development and in HCC [66-68]. They 
have recently shown that EpCAM is a direct transcriptional target of the Wnt-h-catenin signaling 
pathway, further emphasizing the functional link between these two molecular nodes [69]. 

4. Conclusions 

HCC exhibits numerous molecular abnormalities, which may be involved in the process of HCC 
development and progression. Thus, it is important to identify accurate predictors of prognosis and a 
reasonable selection criterion that can be applied to patients with HCC, particularly with early stage 
HCC, for rational treatment decisions remains a challenging task [70]. As reviewed in this article, 
many potentially useful molecular biomarkers have been reported, but almost none have been 
incorporated into the conventional TNM staging system yet. Because of the small study sizes used for 
most of the studies, predictors reviewed in this article are only suggestive and need to be confirmed in 
larger independent populations for the clinical use. In addition, since most HCC samples were 
obtained from hepatitis B virus-positive patients, cautions are required to apply the study results to 
other populations with different clinical characteristics. Given the heterogeneity of etiology and 
clinical behaviors of HCC, it would be very difficult to find one biochemical or molecular marker that 
is both specific and sensitive enough. Combination of pathological features and biomarkers with high 
sensitivity and specificity will be more efficient and practical for early diagnosis and prognostication 
ofHCC. 
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